Aim: Helicobacter pylori causes peptic ulcer disease and gastric cancer. Western studies suggest that polymorphisms in the virulence factors caga and vaca may determine the ability of bacteria to cause gastroduodenal diseases. Differences in the caga EPIYA motifs and polymorphisms of the signal (s), middle (m) and intermediate (i) regions of vaca are thought to be important. The aim of this study was to compare the polymorphisms of caga and vaca of H. pylori isolated from the Chinese, Malay and Indian populations living in Singapore.
IntroDuCtIon
Helicobacter pylori is a gram-negative spiral microorganism that infects 50% of the world's population and is closely associated with gastritis, peptic ulcer disease and gastric adenocarcinoma. Many virulence factors have been described in H. pylori, of which the cytotoxin associated gene A (caga) and vacuolating cytotoxin (vaca) are among the most well studied.
The caga gene is encoded as part of the cag pathogenicity island and the CagA protein is translocated into host cell through the type IV secretion system. Upon translocation, CagA is phosphorylated by Src family protein tyrosine kinase at the Glu-Pro-Ile-Tyr-Ala (EPIYA) motif. Phosphorylated CagA forms a complex with SHP-2 phosphatase and alters multiple cell * Presented at the Young Investigator's Award (Basic Science) session held during the SGH 18th Annual Scientific Meeting on 17-18 April 2009. Proceedings of Singapore Healthcare  Volume 19  Number 1  2010 signaling pathways 1, 2 . Recent studies have shown that the carboxy-terminus of CagA is characterised by its structural diversity in the number and type of EPIYA-repeat segments. Four types of EPIYA segments have been described: EPIYA-A, B, C and D, which are characterised by their consensus amino acid sequences 3 . These EPIYA motifs are found in 2 distinct combinations: the Western CagA is found mainly in isolates from patients in the Western countries, and East Asian CagA found mainly in isolates from East Asian patients. The Western H. pylori strains are commonly found to have an ABC pattern, while the East Asian strains an ABD pattern 4 . The diversity in the number and types of EPIYA motifs leads to varying degrees of CagA phosphorylation, which in turn is thought to influence the pathogenic ability of different H. pylori strains to cause peptic ulcer disease and gastric cancer.
The vaca gene which encodes for another major virulence determinant of H. pylori is also found to be highly polymorphic. The majority of these variations occur in the vaca signal region (s), the middle region (m), as well as a newly identified intermediate region (i) 5, 6 .
H. pylori strains with different vaca allelic types were found to vary in terms of the levels of vacuolating cytotoxin activity. Type s1/m1 strains produced a higher level of cytotoxin activity in vitro than type s1/m2 strains, while type s2/m2 strains produced no detectable cytotoxin activity. As such, strong association is found between peptic ulcer disease (PUD) and the presence of vaca type s1 strains in these patients5.
Studies had shown the association of caga-positive and vaca-positive strains in patients with PUD in the Western population. However in an earlier study on the local Singapore population, no correlation between these virulence genes and clinical outcome was observed 7 . However, the association of caga and vaca polymorphisms (in terms of the caga EPIYA motif types and vaca allelic types) with clinical outcome in the different racial groups has not been examined. Furthermore in Singapore, the Chinese is the racial population with the highest risk of gastric cancer, with lower rates among the Malay and Indians 8 , but the contributing factors to this difference have yet been identified. This study aims to determine the caga and vaca polymorphisms in the different racial groups, as well as to verify the correlation of such polymorphism and the disease status of patients from which the H. pylori strains were isolated.
MAterIAlS AnD MethoDS bacteria Strains
A total of 104 H. pylori strains isolated from patients with dyspeptic symptoms were analysed in this study. Informed consent was obtained from all the patients for gastroscopy and biopsies. Based on endoscopic observation, the patients were classified as subjects with peptic ulcer disease (PUD) or non-ulcer dyspepsia (NUD). PUD includes patients with duodenal and/or gastric ulcers, while NUD patients are subjects with dyspepsia but who do not have peptic ulcers.
The biopsy specimens were smeared onto the surface of selective and non-selective chocolate blood agar, prepared using the Blood agar base number 2 (Oxoid) supplemented with 5% heat-lysed horse blood. The selective medium was supplemented with 10μg/ml nalidixic acid (Sigma), 5μg/ml trimethoprim (Sigma), 3μg/ml vancomycin (Sigma) and 2 μg/ml amphotericin B (Sigma). The plates were incubated microaerobically at 37ºC in a humidified incubator (Forma Scientific) with 5% CO 2 for up to 14 days. The bacterial strains isolated were confirmed as H. pylori by Gram staining, urease, oxidase and catalase tests.
Chromosomal DnA extraction
The chromosomal DNA was extracted from H. pylori using the QIAamp DNA Mini Kit (QIAGEN) in accordance to manufacturer's protocol.
AnAlySIS oF vAcA PolyMorPhISM
The vaca allelic types with respect to the "signal" (s), "middle" (m) and "intermediate" (i) were determined by polymerase chain reaction (PCRs). The PCRs were carried out using a 50μl reaction mixture, comprising 50ng chromosomal DNA, 0.5µM of forward and reverse primers ( Table  1 , overleaf ), 1 unit of taq DNA polymerase and 200μM each of dATP, dGTP, dTTP and dCTP. The amplification reaction included an initial step of denaturation of target DNA at 95ºC for 5 minutes, followed by 35 cycles of denaturation at 95ºC for 1 minute, annealing at varying temperature (Table 1) for 1 minute and elongation at 72ºC for 1 minute. The final cycle consisted of elongation at 72ºC for 5 minutes. The PCR products were then separated on a 1% (w/v) agarose gel.
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ChArACterISAtIon oF cAgA ePIyA PhoSPhorylAtIon MotIF
Amplification of caga region comprising the EPIYA motif was carried out using a 50µl reaction mixture consisting of 50ng chromosomal DNA, 0.5µM of forward (5'-ACCCTAGTCGGTAATGGG-3') and reverse primer (5'-GCTTTAGCTTCTGAYACYGC-3') 9 , 2.5 unit of taq DNA polymerase and 200µM each of dATP, dGTP, dTTP and dCTP. The amplification cycle included 1 cycle of 95°C for 5 minutes, followed by 35 cycles at 95°C for 1 minute, 52°C for 1 minute, and 72°C for 1 minute, and a final extension step of 72°C for 7 minutes.
The PCR products were purified using QIAquick PCR purification kit (QIAGEN). The purified PCR product was used as the template for sequencing using the Big-Dye Terminator v3.1 cycle sequencing kits (Applied Biosystems), performed according to manufacturer's protocol. The DNA sequences were analyzed using the ABI PRISM 3100 DNA sequencer (Applied Biosystems).
The caga EPIYA motifs were identified based on the following consensus sequences: EPIYA-A (EPIYAKVNKKK (A/T/V/S) GQ, EPIYA-B (EPIY (A/T) (Q/K) VAKKVNAKI, EPIYA-C (EPIYATIDDLG), and EPIYA-D (EPIYATIDFDEANQAG) 10 .
reSultS
Of the 104 H. pylori strains isolated, 80 were obtained from the Chinese, 9 from the Malay, and 15 from the Indians. Based on endoscopy, 46 of the H. pylori positive patients were diagnosed with peptic ulcer diseases (PUD), while 58 of them were diagnosed with non-ulcer dyspepsia (NUD).
vacA Allelic typing With reference to the vaca signal (s) region, majority of the isolates (102/104, 98.1%) possess the s1 type ( Table 2 ). A similar result was observed for the intermediate (i) region, whereby 102/104 had the i1 type. However, in the case of the middle (m) region, there was an almost equal number of isolates with the m1 or m2 allelic type (51/104 strains with the m1 type and 53/104 strains with the m2 type).
In terms of the s/m/i combination, all s1/m1 strains were of the i1 type, while the s1/m2 strains had either the s1/m2/i1 (n=49) or s1/m2/i2 (n=2) combination. On the other hand, all the s2/m2 strains were of the i2 type. All 9 Malay isolates had the s1/m1/i1 allelic type, while the Chinese isolates had a mix of s1/m1/i1 (31/80, 38.8%) and s1/m2/i1 (49/80, 61.3%) vaca allelic combinations. Among the 15 Indian isolates, 11 (73.3%) had the s1/m1/i1 combination, 2 had the s1/m2/i2 combination, and the remaining 2 had the s2/m2/i2 combination. The Chinese were the only racial group that had H. pylori isolates with the s1/m2/i1 allelic combination, while the Indians were the only racial group that had isolates that possess the i2 allelic type. Table 3 summarises the correlation of vaca allelic combination and the patient's disease status. Among strains that were isolated from patients with PUD, there is an almost equal number of isolates that had the s1/m1/i1 allelic type (28/58, 48.3%) or s1/m2/i1 allelic type (27/58, 46.6%). A similar trend was observed with strains that were isolated from patients with NUD. There were 23/46 (50%) isolates with the s1/m1/i1 allelic type and 22/46 (47.8%) with the s1/m2/i1 allelic type. Of the two strains with the s1/m2/i2 allelic combination, one of each was isolated from a PUD and a NUD patient. On the other hand, both the s2/m2/i2 strains were obtained from patients with NUD.
cagA ePIyA Motif Polymorphism
Of the 104 isolates tested, 83 (79.8%) had the EPIYA-ABD motif, 11 (10.6%) had the EPIYA-ABC motif, 6 (5.8%) had the EPIYA-ABCC motif, 3 (2.9%) had the EPIYA-AABD motif, while the remaining 1 (0.96%) isolate had the EPIYA-AC motif ( Table 4) .
A majority of the H. pylori isolates from the Chinese patients (76/80, 95%) had the EPIYA-ABD motif, 3 had the EPIYA-AABD motif, while the last isolate had the EPIYA-ABC motif. Of the 9 strains isolated from Malay patients, 5 strains (55.6%) possessed the EPIYA-ABD motif, 3 (33.3%) the EPIYA-ABC motif, and 1 (11.1%) the EPIYA-ABCC motif. Among the 15 Indian isolates, 7 (46.7%) strains had the EPIYA-ABC motif, 5 (33.3%) the EPIYA-ABCC motif, 1 (6.7%) had the EPIYA-AC motif and 2 (13.3%) had the EPIYA-ABD motif. There is an almost equal distribution of H. pylori isolates with ABC-like EPIYA motif between patients with PUD and NUD, regardless of race of the patients (Table 5 ). On the other hand, of those isolates with ABD-like EPIYA motif, more of the isolates were obtained from patients with NUD compared to those with PUD, both among the Chinese (46 and 33, respectively) and the Indians (2 and 0, respectively). In contrast, of the 5 Malay isolates with ABD-like EPIYA motif, more of the isolates were obtained from patients with PUD compared to patients with NUD (4 and 1, respectively).
DISCuSSIon
The cytotoxin associated protein A (CagA) and the vacuolating cytotoxin (VacA) are two important virulence factors of H. pylori. Studies conducted in Western populations have suggested that increased H. pylori virulence was associated with an increased number of caga EPIYA-C segments and vaca s1/m1/i1.
In terms of the vaca allelic types, 4 different combinations (s1/m1/i1, s1/m2/i1, s1/m2/i2 and s2/m2/i2) were observed in isolates obtained from our local population. This observation is in agreement with that described by Rhead and coworkers 6 , where all s1/m1 strains were with allelic type i1, all s2/m2 strains were with allelic type i2, and that s1/m2 strains could be either i1 or i2.
Other allelic structures such as s1/m1/i2 or s2/m1/ i1 were not observed. This is probably because the specific recombination events that are needed to make these mosaics have never occurred. Another possibility is that the recombination events may have occurred but the resultant allele is unfavorable to H. pylori and is selected against 11 .
In agreement with the observation that s2/m2 strains produce very little or no toxin and are less virulent 5 , both s2/m2/i2 strains isolated in this study were obtained from patient with NUD. However, the majority of our isolates were of the s1/m1/i1 (51/104, 49.0%) or s1/m2/i1 (49/104, 47.1%) combinations. Furthermore, isolates with the s1/m2/i2 allelic type were found only in the Chinese (the race with the highest risk of gastric cancer in Singapore). This is in contrast to an observation by Yamaoka et al 12 where strains from northern parts of East Asia, where gastric cancer incidence is high, predominantly possess the vaca m1 genotype, whereas the m2 genotype is predominant in southern parts of East Asia where the gastric cancer incidence is relatively lower. The current study also showed a lack of correlation of between the vaca i1 allelic type and clinical outcome. Most of the strains were of i1 allelic type (102/104, 98.1%), regardless of the disease status of the patient (PUD or NUD). This observation contrast with the study by Basso et al 4 , which had shown an association of type i1 vaca with PUD (OR = 2.58, 95% CI = 1. 19-5.61 ).
In the Western population, caga-positive H. pylori strains have often been linked with an increased risk for peptic ulcer disease and gastric cancer 13, 14 . However, this is not true for the isolates obtained from the Asian population 7, 15, 16 . Similarly, all isolates analysed in this study were caga-positive, and as such there is no correlation between the caga status and clinical outcome. Furthermore, results from the current study also showed closer alignment with the East Asian isolates (mainly from the Korean, Chinese and Japanese) which predominantly have the EPIYA-D motif, as compared to the presence of EPIYA-C motif in the Western isolates 3, 4 . Of the 104 isolates analyzed, 86 (82.7%) strains possess the ABD-like EPIYA motif.
The phosphorylated EPIYA-C and D motifs specifically bind a Src homology 2 (SH2)-containing tyrosine phosphatase (SHP-2) and stimulates the phosphatase activity of SHP-2. SHP-2 plays an important role in both cell growth and cell motility, thus the deregulation of SHP-2 by CagA may be involved in the induction of abnormal proliferation and movement of gastric epithelial cells, which eventually leading to gastritis and gastric carcinoma 1 . The East Asian CagA containing the EPIYA-ABD motif confers stronger SHP-2 binding, compared with Western CagA (ABC-type) 17 . This may cause greater SHP-2 activity, and thus contributing to its more virulent nature 2 .
In the current study, no significant differences were observed in the prevalence of East Asian CagA (ABD-like) isolates obtained from the PUD patients as compared to those isolated from the NUD patients (37/86 and 49/86, respectively Interestingly, the current study showed a statistically significant higher prevalence of ABDlike EPIYA motif among isolates (p < 0.01) from the Chinese, while isolates from the non-Chinese showed a higher prevalence of ABC-like EPIYA motif. This observation may be explained as evolutionary phenomenon since an earlier study Proceedings of Singapore Healthcare  Volume 19  Number 1  2010 had suggested that H. pylori strains in India share ancestral origins with their European counterparts. As such the Western caga strains (with ABC-like EPIYA motif ) may have selective advantage in the Indian stomachs to out-compete other endogenous strains 18 . However, we also cannot rule out the possibility that the higher prevalence of CagA ABDlike EPIYA motif in the Chinese isolates may play a role in the higher cancer risk in this population.
This result in the current study is in accordance to another study by Schmidt et al 20 showing significantly more Chinese isolates encoding the EPIYA-D motif. Besides the EPIYA motif, another study by Schmidt et al 21 has also shown significant variation of the prevalence of dupa and HP0521 allele with ethnicity. In this study, we reported an association of a virulence gene polymorphic type, the CagA EPIYA-ABD type motif with the Chinese within the multi-racial population. Although gastric cancer development is a multifactorial process, we cannot rule out the association of the high prevalence of CagA EPIYA-ABD type motif in the Chinese isolates with possible pathogenic implication in the high gastric cancer risk associated with the Chinese. We plan to carry out more studies in the future to determine the in vitro pathogenic potential of H. pylori isolates with Western or Eastern CagA motifs from the different racial groups.
reFerenCeS

